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At concentrations of urea higher than 3 M up to 8 M, the particles were disrupted irreversibly with a rapid loss of both infectivity and hemagglutinating activity.
As for the action mechanism of 1 M urea on JE virus, it was demonstrated that the first rapid inactivation was completed within 10 minutes, then followed by the second step of slow inactivation.
The latter was sensitive to increase of temperature in urea inactivation. Since the second step was diminished when 0.1 M 2-ME was added in the reaction mixture, this reaction might be a reversible one through free exchanging of the hydrogen bonds. Namely, 2-ME blocks free -SH groups which are functioning reversibly for reassociation. However, in the presence of 5 mM cystine-cysteine mixture, this inactivation was reversed apparently and the particle reassociation was proved by centrifugal analysis in sucrose gradient column. When 5 mM cystine-cysteine mixture was contained in a sucrose column, HA activity was recovered in the band of virion by possible reassociation of the smaller particles.
From these results, we may conclude, as to the action of 1 M urea on JE virus, that the effect is partly reversible in denaturation of proteins and its structure.
INTRODUCTION
The fact that the thermally selected mutants of poliovirus are more resistant to urea than the thermo-sensitive strain (Hallum and Youngner, 1966) suggests that stability to urea depends only on the capsid structure of the resistant strain. Since urea has been known to act on hydrogen bonds or non-covalent bonds of protein structure, this observation was reasonably explained as reflecting rigidity of virions. As for an effect of urea on animal viruses, Cooper (1962) described that poliovirus was destroyed by 7.2 M urea resulting in loss of inf ectivity and releasing infectious RNA as a non-sedimentable form. Buckland and Tyrrell (1963) performed a comparative study of various chemicals on animal viruses, and found that both ECHO 7 and adeno 9 viruses were more sensitive to urea than influenza and GD VII viruses. On treatment of A2 influenza with urea, Dorman (1964) proved that the particles were disrupted and then soluble CF-antigen was released from the virions. Edelhoch and Lippoldt (1964) described that urea at lower concentrations than 2 M split hydrogen bonds and non-covalent bonds of macromolecules reversibly, but at higher concentrations between 6 and 9 M affected the secondary structure of thyroglobulin the more progressively and irreversibly.
In order to know the structure of Japanese encephalitis (JE) virus in more details, an attempt to disrupt the virus particles in the mildest possible way has been made using 1 M urea and tried to reassociate so disrupted particles under certain conditions reversibly. This paper presents, from the structural point of view, the effect of 1 M urea on JE virus which is disrupted into smaller fragments retaining hemagglutinating (HA) activity and can be reassociated in the presence of the cystine-cysteine mixture.
MATERIALS AND METHODS
Virus: The Nakayama-token strain of JE virus was used throughout, of which details in characters and morphological aspects of the virion were described in a previous paper.
Purification procedure: As described in a previous paper of this series (Nishimura and Kitaoka, 1964) , homogenates of infected suckling mouse brains were first treated with protamine sulfate in a final concentration of 2.5 mg per ml, and the supernatant was centrifuged at 40,000 rpm for 2 hours to precipitate virus particles. The pellet was dissolved in a small amount of 0.05 M tris-buffered saline (tris-BS) of pH 8.7, sonicated for 5 minutes and laid on a top of a sucrose gradient column prepared with 5 and 45% sucrose solutions. After centrifugation at 30,000 rpm for 75 minutes in a SW-39 rotor of Spinco L centrifuge, the band formed in a tube corresponding to JE virus particles was taken out by a syringe. It was diluted into 5 ml of 0.05 M tris-BS and stored as a purified virus preparation at -70 C until used.
Urea inactivation experiment: To a tube containing 0.25 ml of 6 M urea dissolved in 0.05 M tris-BS adjusted to the indicated pH were added 1.0 ml of the same buffer and 0.25 ml of the purified virus preparation. After well mixed the sample was taken out at intervals from a water bath of the indicated temperature, and diluted with phosphate-buffered saline (PBS) containing 10% antibody-free calf serum. Unless otherweise stated, all processes after urea treatment were carried out at 0 to 4 C in a cold bath. For the experiment with cysteine or 2-mercaptoethanol (2-ME) after urea inactivation, a tube containing 0.19 ml of 8 M urea was mixed with 0.66 ml of 0.05 M tris-BS, 0.25 ml of 30 mM stock cysteine solution or the same volume of 0.6 M 2-ME, and 0.15 ml of 1 % EDTA. At zero time 0.25 ml of the purified virus mentioned above was added to the tube. After well mixed the sample was rapidly taken out at each interval and mixed with PBS-calf serum at 0 to 4 C.
Assay of infectivity and hemagglutinating activity: The titration of infectivity was carried out by a plaque method using chick embryo fibroblastic cells. For overlaying on monolayer cells after virus adsorption, 12 ml of 1 % agar containing nutrient medium of Earle's saline-lactalbumin supplemented with 2.8 % bicarbonate solution (7 % stock solution) and 2 % of bovine albumin (5 % stock solution). Plaques were observed on the 2nd day after infection by staining with 7 ml of a neutral red containing medium (1 : 13,000) containing 1 % Noble agar. Hemagglutinating activity was measured after the method described by Clark and Casals (1958) .
Gradient centrifugation of intact and disrupted particles: Two sorts of sucrose gradient column were applied, one being a linear sucrose gradient made by mixing 5 and 45 % sucrose solutions dissolved in 0.03 M tris-BS of pH 8.7, and the other a short column for detection of smaller particles simultaneously with intact virions. The latter was prepared by mixing 10 and 40 % sucrose solutions on 1.0 ml of bottom cushion ENCEPHALITIS VIRUS 379 made by 85 % sucrose solution. After centrifugation at 36,000 rpm for 16 hr in a SW-39 rotor, the intact virion was concentrated in a limited layer on the bottom cushion and the smaller or soluble fraction was banded in the linear gradient made up of 10 and 40 % sucrose solutions.
RESULTS

Effect of Urea on Infectivity and Hemagglutinating Activity
As regards the effect of urea of different concentrations on the inf ectivity and HA activity of purified JE virus, Fig. 1 indicates that both the activities were influenced in parallel by increase of urea concentration. Urea inactivation on JE virus was found not to be markedly influenced at a pH range between 7.5 and 10.0 but at higher temperatures more rapid inactivation of infectivity was observed in 1 M urea solution. As shown in Fig. 2 , urea inactivation was stimulated at different temperatures such as 5, 25 and 35 C in a pH range from 8.5 to 10.0.
This figure also indicates that as compared with the thermal degradation curve of the virus there was a flattening in the kinetic curves of urea inactivation.
Such a flattening in the curves might be caused by two steps in the urea action; the first one is a rapid inactivation occurring within 10 minutes and the second one a slow inactivation rate. But the latter was more temperature dependent as shown in Fig. 2 . The results were apparently due to heterogenity of the population consisting of at least two different particles, urea sensitive and resis- tant forms. However, it was confirmed that such a population left behind after the first rapid inactivation was not partly of the urea resistant form but may have probably caused reassociation of disrupted particles. For example, the restoration of once broken hydrogen bonds might occur in the second step of inactivation. Electronmicrograms of JE virus before and after the urea treatment are shown in Fig. 3 , suggesting that a nucleocapside was released from virions leaving behind the membrane-like structure.
Effect of Cysteine and 2-ME on Urea Inactivation of JE Virus Fig. 4 indicates that a simple first order inactivation was observed in 1 M urea solution when 0.1 M 2-ME and 0.01 % EDTA co-existed in the reaction system. Since 0.1 M 2-ME did not directly inactivate the infectivity of JE virus, it was concluded that urea inactivation was modulated as a simple first order reaction and this might be due to blocking of the reversible binding of free -SH groups in to an -S-S-form.
In contrast to the effect of 2-ME on urea inactivation, 5 mM cystine-cysteine mixture was able to protect or reverse this reaction at 24 C and 35 C. Although both ENCEPHALITIS VIRUS 381 Temperature at 24 C, and pH 10.0; open triangle marks show the inactivation curve by 1 M urea and filled circles the effect of 5 mM cysteine plus 1 M urea. The filled triangle marks indicate the first order inactivation curve when 0.1 M 2-ME and 0.01 % EDTA were added to 1 M urea. This cooperating action was no more as reversible even in the presence of 5 mM cysteine plus 2-ME and urea as the reversed horyzontal line expressed with filled circles. The open circles represent rapid inactivation by 4 M urea which was also irreversible.
reagents are known to be specific against -SH group, it should be noted that their effect on urea inactivation was in contrast to each other, as shown in Fig. 3 , probably due to difference in redox-potential of both chemicals against free -SH group . Higher concentrations of urea ranging from 4 M to 8 M could inactivate JE virus more rapidly and irreversibly following the first order kinetic.
Possible Reassociation of the Particles and Hemagglutinating
Activity by the Cystine-Cysteine Mixture
As for a possibility of reassociation of particle in cystine-cysteine medium, this has been proved, as follows, by sedimentation analysis after treatment in 1 M urea solution. A special sucrose gradient was prepared in this experiment for simultaneous analysis of the intact virion and its smaller fragments.
Without cystine-cysteine in a column, most of the virions were proved to be disrupted into two or three smaller fragments after 1 M urea treatment (Fig. 5). ; one was about 70-100 S and two other components were less than 30 S, and HA activity remained only in the latter fraction as soluble HA. However, when 5 mM cystine-cysteine mixture was added to the sucrose column, about 40 % of the disrupted fragments were recovered on the 80 % sucrose cushion and most of hemagglutinin appeared in this band, suggesting that the particle reassocia- The virus used was preliminarily purified as deserihed in the Method. Vol. 20 Fig. 6 . Effects of a cysteine-cystine mixture and 2-ME upon the disruption of the particles by 1 M urea. mol/degree which may be nearly corresponding to the force needed to break hydrogen bond (5,000 cal/mol/degree). So it may be possible to de-envelope the virus through weak energy and then reassociate it again covering the inside structure with envelope components.
